Abstract-Electrophoretic mobility of rabbit blood platelets was measured by cell electrophoresis and by this method electrochemical properties of platelets and 5 hydroxytryptamine (5HT)-platelets or various 5HT releasers-platelets interactions were examined. It was found that the mobility of platelets was -0.98 ,u/sec/volt/cm in 0.02 M Tris saline (pH 7.5). Decreases in the mobility of platelets by treatment with neuraminidase or trypsin were observed at 40% and 20% respectively and sialic acid was released by both treatments.
group of sialic acid is responsible for the negative charge of platelets surface but it may not interact with 5HT and that the membrane is one of the sites of 5HT releasing actions of the plasma factor, thrombin, LPS or chlorpromazine.
Electrochemical properties of the surface of cells at the physiological state can to some extent be measured by cell electrophoresis. In fact, the surface properties of red blood cells (1) (2) (3) (4) , white blood cells (5) and bacteria (6) (7) (8) have been studied by this method. The blood platelets of humans (9) (10) (11) (12) (13) , horses (14) and sheep (15) have been also studied using cell electrophoresis, while those of rabbits have been neglected. Rabbit blood platelets have been used as a model system to study the storage and release of amines, especially of 5-hydroxytryptamine (5HT), since they contain relatively high amounts of 5HT com pared with other animal species.
Electrochemical properties of the surface of rabbit blood platelets and the influence of various drugs and enzymes have been investigated herein.
MATERIALS AND METHODS
Preparations of platelet suspension
Rabbit platelets were isolated by methods similarly described in previous papers (16, 17) . Blood of rabbits from both sexes (wt. 2.0 to 3.5 kg) was obtained by incising the carotid artery and mixing this blood with 1/10 volume of 10 units/ml of heparin or 1 disodium EDTA in 0.9 % saline, after which it was centrifuged at 110 g for 20 min at room temperature. The supernatants (platelet rich plasma) were again centrifuged at 500 g for 20 min at 4°C. The platelet pellets were suspended in saline which contained 1/ 10 vol ume of 0.2 M Tris-HC1 buffer of pH 7.5 (0.02 M Tris saline) and were again centrifuged at 500 g for 20 min at 4°C. The platelet pellets were resuspended in 0.02 M Tris saline of pH 7.5 (platelet suspension).
Measurement of electrophoretic mobility of platelets
The apparatus of cell electrophoresis is shown in Fig. 1 . Platelet rich plasma (PRP)
or platelet suspension was filled in the chamber of cell electrophoresis, the size of which was 2.0 cm in width, 10.0 cm in length, about 0.70 mm in depth and ratio of width per depth was greater than 20 ( Fig. 2) . Direct current (6-7 volts per cm) was applied from both ends of the chamber sealed with 3.0% agar containing 3 M KCl and mobilization of platelets was observed under a phase-contrast microscope (400 folds). All measure ments were carried out in both upper and lower stationary levels at approx. 25°C and mea surements for each mobility determination were performed on 10 platelets, 5 before and 5 after reversal of field direction. 10-' g/ml, heparin 10 units/ml or lipopolysaccharide (LPS) 10' g/ml were added, after which the mobilities of the platelets were determined.
Treatments with various enzymes and 5HT releasers
In these experiments various conditions necessary for inducing a marked release of 5HT from platelets were chosen. a) Enzymes: A platelet suspension containing 2.7 mM of calcium ion was incu bated at 37 C for 30 min under nitrogen gas with various enzymes: neuraminidase (RDE) 10-' g/ml, trypsin 10' g/ml, phospholipase A 10-s g/ml and phospholipase c 10-6 g/ml. b) Various drugs: A platelet suspension was incubated at 37 C for 60 min under nitrogen gas with reserpine 10-6 g/ml, tyramine 10-3 M, imipramine 10-4 M and chlor promazine 10-'M and 10-'M. c) 5HT releasing factor and thrombin: A platelet suspension containing 2.7 mM calcium ion was incubated at 37 C for 10 min under nitrogen gas with 5HT releasing factor (absorbancy at 280 mp=0.002) which was purified from rabbit plasma by Nomura and Takagi (17) and thrombin (0.1 unit/ml). As neither material induced 5HT release from platelets in a calcium ion free media (25) , treatments of platelets with both materials were carried out in media containing calcium ion. and calcium ion were essential in 5HT release from platelets by LPS, heparinized platelet rich plasma was used. Platelet rich plasma (final concentration of heparin, 5 units/ml) was incubated with LPS 10' g/ml at 37 C for 60 min.
After the above treatment, each suspension was resuspended in 0.02 M Tris saline (pH 7.5) and the electrophoretic mobility was measured. The supernatants of a) were used for estimations of 5HT released, sialic acid and protein, but the other supernatants only for those of 5HT released.
Assay of 5HT
5HT was determined spectrophotofluorimetrically by the method of Bertler (23) 
pH-mobility relationship
As shown in Fig. 3 , the mobility of platelets in isotonic Michaelis buffer had a con stant value in and over the neutral pH and a decrease in acidic pH and platelets aggrega tions were observed in the vicinal pH range of isoelectric point (about pH 3.6). 
Effects of addition of SHT, LPS and heparin
5HT in a final concentration of l0-' g/ml had no influence on the mobility of platelets in all pH regions (Fig. 3) . Heparin (10 units/ml) also had no influence on either neutral and alkali pH media but did produce a marked increase in the negative charge of platelets in acidic regions. LPS (10' g/ml) showed a similar but weak effect to that of heparin (Fig. 3) .
Effects of treatments with various enzymes
Treatments with neuraminidase (RDE) and trypsin decreased the mobility to approx.
60% and 80% of its control, respectively (Fig. 5A) . Neither phospholipase A nor phos pholipase C, however, affected platelet mobility significantly. RDE induced a marked release of sialic acid (Fig. 5C ). Trypsin also produced release of sialic acid, this in parti cular being remarkable after acid hydrolysis of the supernatant of reaction medium (Fig.   5C ). In addition 5HT and protein were released by trypsin but not by RDE ( Fig. 5B and 5D).
Effects of treatments with various 5HT releasers
Reserpine 10-' g/ml, tyramine 10-' M and imipramine 10-' M did not alter the mo bility in spite of induction of 5HT release but chlorpromazine 10-' M and 10-' M induced decreases in the mobility. 5HT releasing factor (A.,,,-0.002), thrombin 0.1 unit/ml and LPS 10-'g/nil decreased the mobility (Fig. 6 ).
FIG. 6. Effects of treatments with various 5HT releasers on the mobility of platelets (upper row) and on release of 5HT from platelets (lower row). RP, reserpine ; Ty, tyramine; IP, imipramine ; CPZ, chlorpromazine ; R.F., 5HT releasing factor.
DISCUSSION
The surface of rabbit blood platelet in the physiological state was elucidated to have a negative charge and negativity was the same grade as seen in human blood (9-13) and sheep (15) . Less mobility of platelet in plasma than in 0.02 M Tris saline (pH 7.5) could be attributed to the great viscosity in the plasma and interaction of the platelet surface with the plasma protein. The aggregation of platelets observed in the isoelectric point was presumed to be induced by a greater value of van der Waals force than the electro static repulsive force. Cation charge-reversal spectra of platelets showed a similar pattern to phosphate and carboxyl groups in the spectra of Bungenberg de Jong, therefore the platelet surface appeared to be composed of phosphate and carboxyl groups. The release of sialic acid and a 4V/ decrease in the electrophoretic mobility by treatment with neura minidase suggested that carboxyl groups of sialic acid of sialoprotein and ganglioside were responsible for the negative charge of the platelet surface. The fact that the mobility of platelets was reduced by 20",o' after trypsin treatment gives further indication that half of the sialic acid may be derived from sialoprotein of the platelet membrane. In human platelets Madoff et al. (21) and Pepper and Jamieson (22) have reported that the neuramini dase treatment decreased in the electrophoretic mobility of platelets and that sialic acid released was identified as N-acetyl neuraminic acid by paper chromatography.
Neither phospholipase A nor phospholipase C influenced the platelet mobility, the reason of which is not clearly understood.
Addition of 5HT 10' g/ml did not induce a decrease in the mobility, this being con tradictory to the report by Seaman and Vasser (13) . In their experiments, however, 5 x 10-' to 10-' g/ml of 5HT creatinine sulfate was added to platelets in buffer free saline solu tion. As this concentration of 5HT creatinine sulfate decreases the pH of the medium, it is possible that acidic pH of the medium causes a decrease in the mobility. For this reason, an elucidation of whether or not 5HT interacts with the negative charge (for ex ample, sialic acid) of the platelet surface cannot be given. The present results regarding the effects of LPS or heparin which corresponded to the results of Ross and Ebert (9) suggest that LPS and heparin do not interact with the platelet surface in either neutral or alkali pH. Both the plasma 5HT releasing factor which was purified by the authors (17) and thrombin decreased the platelet mobility. These results support the previous suggestion that the site of action of this factor is the membrane and the mechanism of release is simi lar to that of thrombin (25) .
Chlorpromazine produced a release of 5HT as well as a decrease in the electrophoretic mobility of platelets, suggesting that one of the sites of action is the surface of platelet mem brane.
On the other hand, rcserpine, tyramine and imipramine induced releases of 5HT from platelets without affecting the mobility of the platelets, indicating that the sites of action are not the surface of platelet membrane.
